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INTRODUCTION
This investigation concerns the development of a satis-
tactory method 01' extracting or concentrating gold and silver
trom the ores of the U. s, Grant Mine. The cho Lee between
applying an extractive process and one by which the valuable
mineral constituents are concentrated depends in all cases
upon two principal factors. These factors are (1) the
effectiveness or efficiency of concentration and extraction,
and (2!)the relative costs. It is possible, of course, to
combine both extraction and concentration for the processing
of mineral crudes. Nevertheless, relative efficiencies and
costs are the guiding factors.
This investigation is confined to the relative effec-
tiveness or efficiency of extraction and concentration, with
only an occasional reference to the comparative costs. The
present economic situation makes it particularly difficult
to present a realistic and quantitative cost analysis; and,
for this reason, the economic factors are treated in a very
cursory manner.
Location and Geology: of UQ S. Grant Mine
The U. s. Grant Mine is located one-half mine south of
Virginia City on the west side of Alder Gulch, Madison
County, state of Montana, in Fairweather (unorganized) Min-
ing Districto
The rocks of the region range from precambrian to recent
and are highly folded and recrystallized to gneisses and
shists. Faults are common throughout the area. Large bodies
of granitic rocks were injected in the late Mesozoic or early,
Tertiary time, and from these the ore deposits of the region
are considered to have originated at the time of their in-
trusiono
The Mine is developed by six ~dit drifts; the upper-
most adit is about five hundred feet vertically above the
lowest. The vein outcrops are inclined in a sweeping curve
up the hillsideo Consequently, each adit is offset south-
west from the next lower adit with the result that the area
prospected by the drifts has a northeasterly rake. Quartz
lenses, three to eight feet wide, occur along a strongly
crushed and sheared zone in gneissic rock. The strike is
about north forty-five degrees east, and the dip is forty-
five degrees northwest. As a rule, high-grade ore is found
in narrow streaks along the hanging wall or footwallo High-
grade ore is also found in narrow stringers intermixed with
the crushed vein matter.
History
Gold was first discovered in the Tobacco Root Mountains
near Virginia City in 1863. plaeer mining produced large
amounts of gold, and by 1870, considerable production re-
sulted from lode mining.
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The early mills depended chiefly upon amalgamation for
recov~y of gold. consequently, when the upper and oxidized
portions of the ores hoots were exhausted, recovery of the
gold declined because the ore was no longer amenable to this
method. Later, cyanidationmills were installed to treat
the lower-grade ores.
A fifteen-stamp mill with plate amalgamation, concen-
trating tables, and cyanide tanks was installed and operated
near the u. S. Grant Mine until 1903. In 1913 the mill was
destroyed.
Bureau of Mines Information Circular 6972, by S. H.
Lorain, published by the Department of Interior in November,
1937, states, on page 52, that:
"The u. S. Grant Mine has been one of the most
consistent producers in the district although at no
time a very large one. From 1908 to 1926, inclusive,
the officially reported production was 834 ounces of
gold and 46,393 ounces of silver from 1,764 tons of
shipping ore. Some production was reported for
nearly every year between 1908 and 1926; none has
been reported since 1926, although some ore has un-
doubtedly been mined."
On July 1, 1944, the u. S. Grant Mine was leased by Mr.
W. H. Myers.* operations began immediately. The first few
months were r-equtr-edto open the caved porta Is in the mine,
to install a six hundred-foot power line, and to erect
buildings and ore bin. By september of 1944, the first ore
was shipped, consisting of cleanup material and ore from old
gobs 0 Shipments continued slowly for the balance of'the
year as development and repair work progressed.
*Personal communication to the author.
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On December 1, 1944, the U. S. Grant Mining Company was
incorporatea under the laws of the state of Montana with Mr.
Myers as president. production steadily increased during the
year 1946, with a total of 13,000 tons of ore shipped. In
1947, 15,000 tons were mined and shipped to the smelter.
At the present time, the U. S. Grant Mining Company has
leased several other mines in the district and has several
thousand tons Gf ore blocked'out. The Company plans to 'in-
stall a mill in the near future.
Scope of the Investigation
A successful mining operation is a profitable enterprise.
Extracting the ore from the mine is only the first step in
such an operation. This must be followed by profitable dis-
Position of the ore. The mineral crude can occasionally be
sold directly to a smelter, but more frequently, it is
necessary to extract or concentrate the valuable constituents
at the mine. In any event, the influencing factor is the
margin of profit obtainable. Consequently, the mineral crude
from the u. S. Grant Mine was studied to obtain by labora-
tory investigation an estimation of the possible means by
which this crude material could be efficiently processed. It
was hoped that by these studies, eVidence would be secured
to provide factual information upon which the economic
advantages or disadvantages could be adjudged. Clearly,
then, this investigation deals principally with the effec-
tiveness of extraction or concentration.
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Accordingly, this investigation was resolved into five
principal phases; namely, (1) preparation of the mineral
crude for investigation, (2) identification of minerals
present and quantitative analyses, (3) distribution studies,
I
(4) liberation studies, and (5) application of mineral
dressing processes for extraction or concentration and com-
bination of these processes.
For convenience, these phases are tabulated in detail
as follows:
1. preparation of the mineral crude for investigation.
(a) Air drying and weighing of samples.
(b) crushing.
(c) sampling.
2. Identification and quantitative analyses of the
minerals present.
3. Distribution studies for evaluation of direct ship-
mente
(a) screen analysis of run-of-the-mine 0re.
(b) Screen analysis of ore after communition.
40 Liberation studies.
(a) Grinding studies.
(b) Estimation of degree of liberation.
5. APplication of mineral dressing processes for ex-
traction and concentration and combinations of'the processes.
(a) Amalgamation.
(b) Gravity concentrationo
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(c) Jigging and flotation, followed by tabling.
(d) Flotation.
(e) cyanidation.
(f) Flotation followed by cyanidation.
preceding the investigational studies relating to pro-
cessing, the communition required was considered in order
that a satisfactory degree of liberation for any particular
process could be determined. Because of the uniform dis-
tribution of the gold and silver as indicated by' the screen
analyses and the fact that the sulphide minerals did not
contain all of the gold and silver, mineralogical counts
could not be relied upon to measure adequately the degree of
liberation. Therefore, indirect methods were used. such
methods are, of course, empirical requiring a number of
separative or extractive tests for the determination of the
degree of liberation necessary and the communition require-
ments in plant operation.
In the consideration of the above methods of processing,
flotation would yield a concentrate for shipment to a nearby
smelter. Thus, from a standpOint of operational economics,
an added cost for smelting is involved. Nevertheless,
initial plant and operat1onal costs might justify such a
process if efficient concentration could be achieved.
On the other band, an all-eyan1dation plant, if operated
effiCiently, would extract the gold and s,ilverand permit
db'ect shipment of ,bullion to a mint. It is generally
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conceded that the purchase, installation of equipment and
operation of a cyanidation plant is considerably more ex-
pensive than flotation.
In order that a choice could be made between the various
processes, experimental evidence was required. The most
important factors are the effectiveness with which the gold
could be concentrated by flotation and the ease or diffi-
culty of extraction by cyanidation. cost facters, such as
initial plant cost and operation, cannot be realistically
evalua ted until the effectiveness or limitations of a par-
ticular process are known.
In the event that extraction or concentration of the
valuable minerals by the individual processes would not
provide a suitable recovery, a combination of flotation
followed by cyanidation could be employed. However, the
grade of the ore and relative costs of operation are also
the guiding factors in such a choice. This process 1s
expensive, because additional equipment, reagents and labor
a!'erequi!'ed.
PREPARA TION OF TEE
MINERAL CRUDE FOR INVESTIGATION
Six samples of gold and silver-bearing material, we1gh-
ing approx1mately 400 pounds were collected and subm1tted
I
by the u. S. Grant M1ning Company for the investigation.
~he samples, as received, were first a1r dr1ed and then
thoroughly mixed. An aliquot portion of the mater1al was
then obta1ned by coning and quartering. This representative
portion was reserved for a complete screen analysis to check
the distribution of the gold and silver in the run-of-the-
mine material. The remaining material was crushed by use of
.a laboratory jaw crusher and rolls to all m1nus ao mesh.
From th1s material, samples were r1ffled for head assay and
test charges. The remain1ng mater1al was stored for future
reference.
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IDENTIFICATION OF MINERALS
several representative samples of the ore were examined
to identify the minerals present. The samples used for these
examinations were the crude product after it had been reduced
to minus 2'0 mesh. After preliminary study of the samples,
the gangue material was removed by vanning and sepe.:rationin
a heavy media. These products were examined by use of a
binocular microscope.
The following minerals were identified: pyrite, native
gold, quartz, limonite, hematite, garnet, muscovite and
biotite. Pyrite was the most abundant sulphide mineral, and
quartz was the principal gangue mineral. only one flake of
free gold was identified, and,_ consequently, the amount of
free gold present in the ore was considered to be negligible.
QUANTITA TIVE ANALYSIS OF THE ORE
Quantitative analysis of the U. S. Grant ore, performed
by Bureau of Mines' assay, gave the.following results:
Gold
Silver
Iron
Copper
Zinc
Lead
lnsol
c)z.lton
oz.lton
pel':'cent
per cent
per cent
per cent
per cent
0.15
5.3
3.6
0.1
0.1·001
92.1
DISTRIBUTION STUDIES
Screen AnalIsis No.1
A complete screen analysis was performed on the ore to
determine the distribution of the gold and silver in the run-
of-the-mine material. The products retained on each Sicreen
were assayed to determine the possibility of scalping off
worthless material at the mine and thereby increase the
shipping grade.
One sixth of the original 4.00 pounds of ore was coned
and quartered and used for the screen analysis as represen-
tative of the run-of-the-mine material. The screen analysis
of the first three screen sizes was per,fo:med by hand. A
Ro-tap testing sieve shaker was used for the smaller-sized
sieves.
The results of this screen analysis indicate that all
of the material should be included for treatment, and that
there is not an economic concentration of gold and silver in
any particular particle size range.
Table I, page 11, shows the distribution of gold and
silver in the run-of-the-mine material.
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TABLE I
DISTRIBUTION OF GOLD AND SILVER
WEIGHT ASSAY DISTRIBUTION PER CENTMESH per oz./ton Gold Silver(plus) cent Gold Silver Direct cumulative Direct Cumulative
1" 19.05 0.11 3.8 11.68 11.68 13.53 13.53:
3/4" 11.37 0.155 5.5 9.83 21.51 11.69 25.22
1/2ft 11.34 0.135 4.6 8.55 30.06 9.75 34.97
3 Ji9.31 0.155 5.3 16.72 46.78 19.13 54.10
6 11.09 0.165 5.7 10.17 56.95, 11.81 65.91
8 3.52 0.165 5.8 3.24 60019 3.82:: 69.73
10 3.39 0.18 5.6 3.42 63061 3055 73.2:8
14 2'.33 0.155 5.8 2.02 65063 2.53 75.81
20 3.06 0.18 6.1 3.07 68.70 3.49 79.30
28 2;.50 0.22 6.4 3.07 71.0'77 2.99 82.2'9
35 2.28 0.2:3 6.2 2.96 74.73 2.64. 84.93
48 2.00 0.25 6.4- 2079 77.52 2.39 87.32
65 1.73 0.345 6.3 3.35 80087 2.04 89036
100 1.67 0.365 6.7 3.42 84029 2.09 91.45
150 1.49 0.40 7.2 3.35 87.64 2001 93,.46
200 1.41 0.49 8.1 3.86 91.50 2.13 95.59
-200 2.46 0.62 9.6 8.50 100.00 4.41 100.00
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DISTRIBUTION STUDIES
Screen Analys1s No.2
Three screen analyses were performed on 500-gram samples
of the minus 20 mesh mater1al to check the d1stribution of
the gold and s11ver in the different particle s1ze ranges
after communit1on. Each fract10n retained on the various
screens was examined with the binocular microscope for
1dent1fication of the m1nerals present.
The products retained on corresponding screens after
each screen analysis were combined and then assayed. The
distr1butionper cent of the gold and silver was calculated.
The results of these calculations may be found on Table II#
page 13.
By comparison of Tables I and II# it 1s observed that
the valuable constituents are evenly distributed in all
screen sizes with a tendency for concentrat1on 1n the finer
mesh sizes.
- 12 -
TABLE II
DISTRIBUTION OF GOLD AND SILVER
WEIGHT ASSAY DISTRIBUTION PER CENTMESH pe~ oz./ton Gold Silver(plus) oent Gold Silver Direct Cumulative birect Cumulative
35 39096 0.145 4.9 3:0.08 30.08 32;.99 32:.99
48 15.2,0 0.10 4.8 8.53 38.61 13.29 46.2;8
65 10.84 0.14 4.9 8.53 47.14 9.68 55.96
100 1.0.13 0.14 5.0 7.97 55.11 9.23 65.19
150 6.44 0.15 5.6 5.44 60.55 6057 71.76
2:00 5.23 0.21 6.1 6.17 66.72 5081 77.57
-200 15.20 0.39 8.1 33.28 100000 22.43 100.00
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LIBERATION STUDIES
Liberation studies were performed on the ore to deter-
mine the communition required to liberate the metallic
minerals from the non-metallic gangue and to determ.ine the
mesh size at which this liberation was essentially complete.
A study of the effect of the rod and pebble mill reduction in
particle size of this ore is ·set forth on Graphs land 2,
pages 15 and 16.
The ore for this study was all minus 2'0mesh material
as prepared from the original sample. A 600-gram sample
was placed in the rod mill with 600 CCe of water and ground
for 10 minutes. The product was removed and a wet-dry
screen analysis performed. This procedure was repeated for
grinding periods of 20, 30, 40 and 50 minutes in the rod
mill. Similar tests were performed in the pebble mill on
five charges for the same five periods of time.
The products retained on each screen were placed in
briquettes, polished and examined with the binocular micro-
SCope. An inspection of the briquetted sized-products
showed that liberation of the metallic minerals from the
non-metallic gangue was essentially complete at 100 mesho
This information was used as a guide for future tests.
Tables III and IV, APpendix I, show particle size
reduction with time of grinding.
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showing effect of particle size reduction with time of
grinding.
AMALGAMATION PROCESS
The amalgamation process for the recovery of gold is
largely dependent upon the size and form of the gold parti-
cles present in an ore. Coarse gold easily forms an amalgam
with mercury while, on the other hand, the fine gold cannot
be recovered by ordinary amalgamation processing. One of
the main purposes of this process is to remove the coarse
gold prior to the subsequent operations.
The preliminary investigation performed on this ore
revealed the fact that the amount of free gold present was
negligible, and that the actual amount of gold and silver
present was very small. However, it was decided to perform
amalgamation tests and determine the effectiveness of this
process for the recovery of the gold and silver.
Two amalgamation tests were performed on the mineral
crude to determine the amount of gold recoverable. Samples
of minus 2'0mesh material were agitated in Winchester
bottles at a pulp dilution of 1:1 with 50 grams of mercury
for 24 hours. This period of agitation was much longer than
Usually required, but it was thought long enough to obtain
maximum recovery of the gold and silver. The mercury was
panned off, and the tailings were assayed. From the assay
results, it was found that only 10 per cent of the gold and
12 per cent of the silver was recovered.
This process was entirely unsatisfactory for this ore,
since most of the gOld.and silver exists in such a form that
it would not respond to form an amalgam.
- 17 ...
GRAVITY CONCENTRATION PROCESSES
Two methods of gravity concentration were employed to
obtain a concentrate from the mineral crude, namely, jigging
and tabling.
The jigging concentration tests were performed by means
of the laboratory mineral jig. The purpose of these tests was
to determine the effectiveness of this method of concentration.
Samples of 600 grams each of the minus 20 mesh material
were passed over the jig, and a concentrate was obtained.
This concentrate was dried, weighed and examined with the
microscope. The product contained quartz, pyrite, limonite
and hematite. The concentrate was assayed, and the recovery
of gold and silver was calculated. The tailings were 'also
examined and were found to contain essentially the same
minerals as the mineral crude. The average results of these
tests showed that the concentrates contained 0.44 ounces of
gold and 12.8 ounces of silver per tono
A concentrate was produced by passing samples of the
mineral crude over the laboratory shaking table. The concen-
trate contained 32.4 per cent of the gold and 23.8 per cent
of the silver. A middling product containing 17.6 per cent
of the gold and 16 per cent of the silver was also recovered.
The tailings from these tests contained 5000 and 60.2 per
cent of the gold and silver, respectively.
...18 ...
The tabling tests were unsatisfactory because~
1. The grade of the concentrate was too low.
20 separation was not effective.
3. Resulting recoveries were unsatisfactory.
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JIGGING, FLOTA TION AND TABLING
A combination of jigging, flotation and ta.bling pro-
cesses was performed to determine the overall recovery of
.
the gold and silver.
A sample of the mineral crude was ground in the labora-
tory rod mill for 30 minutes. The product from the rod
mill was passed through a mineral jig,·and a concentrate
Iwas recovered. The jig tailings were placed in a flotation
cell and conditioned with flotation reagents. A concen-
trate was then removed, and the tailings were passed over
.the laboratory shaking table. A final concentrate was
recovered by this processo The concentrates and tailings
·were dried, weighed and assayed and the overall recovery
calculated. The assay results of the products from this
combination of processes produced an overall recovery of
75.7 per cent of the gold and 68.3 per cent of the silver.
It was concluded from the above results that:
(1) The jig is not sufficiently effective to be used on
this ore, and (2) that the overall recovery was not
sufficiently satisfactory to warrant using this combination
of processes on this particular ore.
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FLOTATION
The nature of the Ue S. Grant ore suggested to the -
investigator that flotation might be effective in concen-
trating the valuable constituents; and, since only one
concentrate need be made, this process would have, economic
advantages.
The principal operations in flotation processing were
followed in all of the flotation tests performed. The
essential conditions for flotation of the minerals are -
listed as follows:
1. Grinding of the mineral crude to liberate the.
metallic minerals from the non-metallic gangue;
2. Conditioning of the mineral' surfaces with flota-
tion reagents to cause them to adhere to a buoyant medium;
30 Creation of a buoyant medium with which to float
the valuable minerals;
4. creation of a stabilized froth carrying the valu-
able minerals.
The grinding of the ore was accomplished in the labora-
tory rod mill, and the remaining conditions were accom-
plished by means of a Fagergren Laboratory Flotation Machine.
Since no information was available concerning any
previous investigational work on the U. S. Grant ore, the
flotation process required many experimental tests for the
determination of (1) the most suitable flotation reagents
for the concentrating of the valuable constituents; and
- 21 -
(2) the optimum operating range for these reagents.
Flotation Reagents
New samples of flotation reagents were provided for
this investigation through the courtesy of the American
Cyanamid Company and the Dow chemical companyo From these
reagents, certain ones were selected ror use based on the
recommendations of the companies themselves, flotation
literature and general milling practice for similar ores.
The following reagents were used:
Collectors or Promoters Frothers
cresylic Acid
pine Oil
Barrett No.4
Reagent 208
Reagent 301
Reagent 801.
Amyl Xanthate
pentasol Amyl Xanthate
Butyl Xanthate
Isopropyl Xanthate
Potassium Hexyl Xanthate
Acti~ating Agents
Sodium Sulfide
copper Sulphate
Reagent 208. This is a non-frothing promotero It
finds its greatest application in the flotation of gold,
silver and copper ores. Whether used alone or in combina-
tion with Reagent 301, it forms an ideal promoter for gold
ores and 1s widely used for this purpose.l
Reagent 301. This reagent is a member of the higher
xanthate family and is commonly used in the flotation of
Pyritic gold orese It is very erfective for use in bulk
flotation of all types of sulphide ores. It is an efficient
promoter for oxidized base metal ores after sulphidizing. 1
1See Bibliography.
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Reagent 801. This is an inexpensive-and effective
promote!' fo!' iron oxides such as hematite, limonite, goethite,
magnetite and siderite. It was developed for the removal
of iron-bearing impurities.1
Amyl Xanthate is prepared from amyl (five carbon atoms)
alcohol and is a collector of maximum potency. It is
adaptable to the flotation of practically all sulphide
minerals. It is much preferred over all of the lower
alcohol xanthates for the flotation of gold and silver ores.2
pentasol Amyl Xanthate is prepared from amyl (five
carbon atoms) alcohols (pentasol) and is most powerful as a
collector reagent for substantially all sulphide minerals
and precious metals such as gold and silver.2
Butyl Xanthate. This reagent is prepared from secondary
butyl (four carbon atoms) alcohol, and, therefore, its
collector power is superior to either ethyl or isopropyl
xanthate. It may be employed for the flotation and differen-
tial separation of substantially all sulphide minerals
composing base metal ores. Its increased collector power
makes it adaptable to flotation of precious metal ores.2
Hexyl Xanthate is prepared from a (six carbon atoms)
alcohol. It is adaptable to the flotation or substantially
all sulphide minerals and metallic elements such as copper,
s1lver and gold.2
cresylic Acid is a widely used frother. It is obtained
by distillation of coal tar and'subsequent treatment of the
1 and 2see Bibliography.
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distillate; or it may be obtained by treatment of cracked
petroleum d1stillateso cresylie acid tends-to produce a
somewhat more brittle froth than pine oil, and on some ores
it aids selectivity.2
Pine Oil is _obtained by steam distillation of stumps
of long leaf and other southern pines and redistilled to a
close-cut fraction. Pine oil produces a froth of medium
body and good volume, and it has practically no collecting
power for most sulphide and non-metallic minerals.2
Barrett No.4 is a coal tar creosote oil. It is used
either as a supplementary promoter or frother or as a froth
modifier to stiffen froth produced by pine oil andcresylie
acid.2
Copper Sulphate and sodium Sulphide. These activating
agents alter the surface of a mineral so that it may be
filmed by a collector reagent which otherwise would have no
effect on the m1neral.l
Test procedure
The following general procedure was established for
flotation tests performed on the u. S. Grant ore.
1. A 600-gram sample of the minus 20 mesh ore was
ground in the laboratory rod mill. The purpose of this
step was essentially to liberate the metallic minerals from
the non-metallic gangue.
1and 2See Bibliography.
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2. The product from the rod mill was placed in a flo-
tation cell, and water was added to maintain 23 per cent
solids. Flotation reagents were next added to the eell·q
3. The mineral surfaces were conditioned by agitation
in the cell for specific lengths of time.
4. A stable froth was produced. This frota was capable
of carrying the mineral load to the top of the flotation cell
where it was removed.
5. The concentrate and the tailings were dried,
weighed, pulverized and assayed.
6. The pH range of the pulp was determined at the
beginning and at the end of each test with a Coleman PH
Electrometer.
Resrilts of all flotation tests are tabulated in
Appendix II. Any varia tion of the above procedure is noted
on the test sheet.
Flotation Results
The results of flotation tests performed on the u. s.
Grant ore varied over a wide range, and the recovery of gold
and silver was much lower than originally anticipated.
The maximum recovery of 7609 per cent of the gold and
63.6 per cent of the silver was obtained by use of pentasol
amyl xanthate with sodium sulp~ide as an activating agent
in the initial PH range of 6095. Reagents a08 and 301 pro-
duced a concentrate containing 73.0 per cent of the gold
.. 25 ...
and 62.4 per cent of the silver.
Examination of the results obtained by flotation re-
vealed that the recovery of the valuable constituents was
unsatisfactory from the standpoint of effectual concentra-
tion.
CYAN IDATION
Part 1
The cyanide process is considered the most important.
method ever developed for extracting gold from its ores03
It is an economical process and usually gives a higher
recovery of gold than most other processes,.'
After preliminary investigation of this ere, it was
next treated by cyanidation for the extraction of the gold
and silver. Agitation tests were performed to ascertain
conditions most suitable for this process. These conditions
were:
10 The most suitable mesh size of the ore for this
process;
2. The consumption of solvent;
3. The optimum time of agitation.
samples of ore were pulverized to 35, 48, 65 and 100
mesh and carefully weighed into 200-gram charges. Two
charges of each mesh size were placed in Winchester bottles
at dilution of 3:1. A solution of sodium cyanide equi-
valent to 4 pounds per ton or ore was added, and 4 pounds
.
of lime per ton was added to each sample for protective
alkalinity. The bottles were agitated on laboratory rolls
for specific lengths of time. At the end of 12, 24, 36, 48
and 72 hours' agitation, the cyanide solution was withdrawn
3See Bibliographyo
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and ~eplaeed by new solutions of the original strength.
The st~ength of the solution was mainta1nad throughout the
entire agita'tion period; and, atter the lime consumption was
dete~mined, larger amounts we~e added as required.
At the end of each agitation period, the solutions
were assayed to de cer-mane the amount of'gold and silve~
dissolved for that period. At the end of the 72-hour
period, the rLna I. tailings were dried, weighed and assayed.
The results of these cyanide tests are listed in
Table V. From the study of these results, the following
conclusions were reached:
1. The size of the ore should be all minus 100 mesh
or finer.
2. The strength of the cyanide solution should be
maintained at 4 pounds pe~ ton of ore.
30 The 48-hour ~gitation period aho wed an extraction
of 92.12 per cent of the goId and 80.09 per cent of the
silver.
4. The '72-hour agitation period showed an extraction
of 92.64 per cent of the gold and 82.05 per cent of the
silver.
50 The amount of gold and silver extracted in the 72-
hour agitation period was only slightly greater than for
the 48-hour period suggesting that the additional 24-hour
agitation period is not merited.
- 2:8-
TABLE V
Cyanidation by Agitation
Reagent ConsumedExtraction
Per Cent lbo/ton
(Cumulative)
Product I Agitationlmesh hours Gold Silver NeCN CaO
"",35 12 77.01 47.30 1.02 4,96
24 80.71 54.2;5 1.07 8.80
36 83.38 57.80 1.20 12084
48 83.97 59.90 1.24 1.6.00
72 85.45 61.21 2.24 24.50
-4:8 12: 82'.17 59.74 0'.58 5.4~
24 85.78 66.41 0.63 9.68
36 87.70 68.40 1.18 13.70
48 88.23 68.67 1.38 17.25
72 88.79 70.87 1058 25.80
..65 12 80.87 62'.65 0.48 6.72
24 85.82 69.03 0.68 ll1t40
36 88.01 72.30 0.70 16e60
48 89.10 74.23 1.10 20012;
72 90.22 76.62: 2.80 29.00
...100 12 84:.58 68.78 0044 7.60
2'4 89.49 75.90 0.54 12.63
36 91.56 78.29 0.76 17.10
48 92012 80.09 1.2:1 20.64
72 92.64 82.05 1076 29.20
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CYANIDA TION
Part 2
Additional cyanide tests were performed on this ore at
dirferent mesh sizes and ror specific periods of time to
check the results or the first tests.
The same general procedure was followed with a few ex-
ceptions. The mesh sizes used for this set of tests were
minus 2'8,minus 65 and minus 100. The agitation periods
were 8, 16, 2~ and 40 hours. other conditions remained the
same.
The results of these tests are listed on Table VI.
The conclusions were that:
1. The minus 100 mesh ore gave the best recovery of
gold and silver.
2. The cyanide consumption increased with the longest
agitation period. A strength of 3 to 4 pounds of cyanide
per ton should be maintained.
3. The recovery of gold and_silver showed improvement
over the recoveries of the first tests.
4. A recovery range of 92 to 97 per cent of the gold
and 82 to 86 per cent of the silver was achieved. Some of
the silver is apparently in such a form that it will not
respond readily to cyanidation.
- 30 ....
TABLE VI
cyanidation by Agi tation
Extraction Reagent Consumed
Eer cent 1b·Lton
Product, Ag1tat1on,mesh hours Gold Silver NaCN CaO
-28 8 84.02 4596 0090· 8.55
16 84.61 55.2 1.00 17010
24 88.22 59.9 1.60 22.95
40 89.06 62.1 11190 24ct40
-65 8 82.06 44.0 0.80 8955
16 84.12 5496 1.50 16.70
24 87.61 60.6 1070 21.70
40 90.27 61.9 2.40 23005
....100 8 86.12: 50.6 1,.20 9009
16 89.08 58.8 1.80 16.35
2:4 91076 72.4 1.90 22.2.0
40 95.42 86.1 2.40 ~5D65
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FLOTATION FOLLOWED BY CYANIDATION
Sinoe the concentration of gold and silver was not
satisfactory by flotation~ a combination of processes was
considered. This combination consisted of flotation followed
by cyanidation of the flotation tailings.
Test procedure
Two flotation tests were performed following the
general test procedure as outlined on page 24. The tail-
ings from these tests were dried, weighed ~nd then split
into four ZOO-gram charges for the cyanidation tests. The
200-gram charges were placed in Winchester bottles at a
dilution of 3:l~ sodium cyanide was added to each bottle
in the amounts of 4, 6~ and B pounds per ton of ore. The
The equivalent of 15 pounds of lime was added to each
charge for protective alkalinityo The bottles were agi-
tated on the laboratory rolls for 48 hours. At the end of
this period, the solutions were removed and assayed. The
tailings were dried, weighed, pulverized and assayed.
The results of these tests indicated that 95.47 per
cent of the gold and 80.85 per cent of the silver was re-
covered by this combination of processes (Table VII)o
It can be concluded from these results that a combina tion
process of flotation followed by cyanidation results in a
much higher recovery of the valuable constituents than by
- 32 -
flotation alone. It should be recalled that cyanidation
alone produced a slightly higher overall extraction.
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TABLE VII
Flotation Followed by cyanidation
Test 1
Flotation Results.
Rougher Cone. 7.44
Rougher Tail. 92'.56
1.28
0.06
43.7
2.6
Distribution 1k
~ Ag
63.17 57.48
36.83 42:.54
.Assay
Au Ag- -
cyanidation of Tailings.
Extraction Reagent Consumed
per cent lb./ton
l'NaCN" . Agitat10nTest lb./ton hours Gold silver NaCN CaO-
A 4 48 87.70 54~88 Oq5 9.3
B 6 48 80.77 53.85 0.5 9.5
Total Recovery.
Test A
% Gold
95047
% Silver
80085
Test B 92.92 81.90
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TABLE VII
Flotation Followed by cyanidation
Test 2
Flotation Results.
% wt.
Roughe~ Cone. 11.26
Roughe~ Tail~. 88.74
Assay
~ Ag
Distribution 2f
~ Ag
0'.86
0005
31.1
2.5
68.55
31.45
61.22~
38.78
Cyanidation of Tailings.
Extraction Reagent Consumed
Per cent lb./tonNaCN AgitationTest lb./ton hours Gold silver NaCN CaO-
C 4 48 78.12 49.11 0,.6 9.1
D 8 48 31.27 33.17 0.5 9.5
Total Recovery.
Test D 78.38
% Silver
80.26
74.08 (7)
Test C
% Gold
93.12
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SUMMARY OF RESULTS
The investigational studies performed on the u. S.
Grant ore revealed certain important factors which are worthy
of summarization. The results indicated the milling re-
quirements and the effectiveness of the processes applied.
Liberation. Liberation of the metallic minerals from
the non-metallic gangue was essentially complete at 100
mesh.
Amalgamation. From the results of the amalgamation
tests, it was found that only 10 per cent of the gold and
12 per cent of the silver was recovered.
JigginSo A concentrate was produced by this process
containing 25.2 per cent of the gold and 21.2 per cent of
the silver.
Tabling. Tabling produced a concentrate containing
32.4 per cent of the gold and B308 per cent of the silver.
A middling product contained 17.6 per cent of the gold and
16.0 per cent of the silver.
Jigging, Flotation and Tablins. This combination of
processes produced an overall recovery of 75.7 per cent
of the gold and 68.3 per cent of the silver.
Flotation. A maximum recovery of 76.9 per cent ot the
gold and 63.6 per cent of the silver was obtained by the
flotation process.
cyanidation. This process resulted in an extraction
- 36 -
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of 95.42 per cent of the gold and 86.1 per cent or the
silver.
Flotation Followed by Cyanidation. A maximum recovery
of 95.47 per cent of the gold and 80.S5 per cent of the
silver was obtained by flotation followed by eyanidation
of the :flotation tailings.
CONCLUSIONS
Cyanidation is the most satisfactory process :for the
extraction of gold and silver from the U. S. Grant oreo
Since this process would produce a bullion for direct ship-
m~nt to a mint, it is considered economically feasible.
The flotation proeess as applied to this problem did
not prodUce satisfactory results.
The comb ination of'flota tion followed by cyanida tion
of the flots tion tailings pr-oduced satisi'actory results
but is no u considered economically feasible because of'
the additional costs involved.
All other processes considered were unsatisfactory for
the concentration of the valuable minerals from this ore.
- 3'7 -
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APPENDIX I
Tables III and IV
Particle Size Reduction
with Time of Grinding
TABLE III
PARTICLE SIZE REDUCTION
WITH TIME OF GRINDING
ROD MILL
Ten"minute Grind
Per cent Cumulative PerMesh Weight Weight Cent weight
35 004 0.07 0.07
48 7.2: 1.20 1.27
65 103.4 17.2.3 18.50
100 139.0 23.17 41067
150 89.0 14.83 56.50
200 58.6 9.77 66.27
-200 202.4 33.73 100.00
Twenty~inute Grind
per cent Cumulative PerMesh Weight Weight cent Weight
35 0.3 Ol.05 0.05
48 0.1 0.02 0.07
65 O.~ 0.03 0.10
100 508 0.97 1.07
150 74.4 12.35 13.42
200 222.5 37.15 50.57
-200 2.94.7 49.43 100.00
...40 ..,
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Mesh
:35
48
65
100'
150
200
-2:-00
TABLE III
PARTICLE SIZE REDUCTION
WITH TIME OF GRINDING
ROD MILL
E!fty-minute Grind
per cent cumuls ti ve per
Weight Weight cent Weight
0.0 0.00 0.00
0.0 0.00 0.00
0.1 O.OlL 0.01
2.0 0.34 0.35
4.4 0.74 1.09
23.a 3.89 4.98
566.4 95.02 100.00
.... 42; -
TABLE IV
PARTICLE SIZE REDUCTION
WITH TIME OF GRINDING
PEBBLE; MILL
Ten-minute Grind
Per cent Cumulative Pel:'
Mesh Weight Weight cent Weight
3,5 68.4 11.50 11.50
48 65.6 11.03 2a.53
65 80.8 13.58 3,6.11
100 86.8 14.59 50.70 .
150 66.4 11.16 61,.86
200 50.0 8.41 70.27
':'200 17608 29.73 100.00~
TWentI-minute Grind,~ .
per cent Cumulative per
Mesh Weight Weight cent weight
35 33.7 5.68 5i.68
48 39.3 6.62; la.SO
65 64.8 10.90 2~.20
]00 95.1 16.00 39.2>0
150 67.3 11,20 50.40
200 129.7 ~U.80 72:.20
-200 165.4 27.80 100.00
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TABLEIV
PARTICLE SIZE REDUCTION
WITH TIME OF GRINDING
PEBBLEMILL
Th1rty-minute Gr1nd
per cent cumu1a t1 ve Per
Mesh weisht Weisht cent We1sht
35 5.8 0.9'7 0.9'7
48 8.0 1.34 2:.31
65 20.0 3.34 5.65
100 56.0 9.35 15.00
150 1.07.0 1'7.88 32.88
200 93.0 15.55 48043
-200 308.'7 51.57 100.0Q.
Forty-minute Grind-
per cent Cumulat1ve Per
Mesh We1ght Weight cent We1sht
35 1.2: 0.2Q ooao
48 1.4 0.23 0.43
65 4.0 0.6'7 1.10
100 18.8 3014 4.24
150 8ll_.0 13.52 17.'76
2'00 105.6 lL'7.62 35.38
-200 387.2) 64-.62: 100.00
Mesh
TABLE IV
PARTICLE SIZE REDUCTION
WITH TIME OF GRINDING
PEBBLE MILL
FittI-mlnute G~in?
per cent Cumulative Pe):9
Weight Weight' Cent weight
0.3, 0.0'5 0.0'5
0'.4 0'.07 0'.12'
0.8 0'.13 0'.25
3.2 0.53 0.78
41.0- 6.85 7.63
95.4 15.93 2'.3 .56
457.8 76.44 10'0'.00'
35
48
65
10'0'
150'
2'00'
-200'
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APPENDIX II
Flota t10n 'res ts
FLOTATION TEST NO. 1
Grind.
primary:
Final:
minus 20 mesh
20 minutes, rod mill
water.
Grind: Tap
Flotation: Tap
Per cent Solids.
Rod mill:
Flotation cell:
Reagents.
50 per c·ent
23 per cent
Rod mill: Amyl Xantha te 0.25 lb. per ton
Soda Ash 1.00 lb. per ton
Flotation cell: Amyl Xanthate 0.25 lb. per ton
cresylic Acid 0.10 lb 0 per ton
PH.-
Initial: 8.7Final: 8.4
Results.
Assaz Distribution ~
% wt. Au Ag Au Ag- -
Rougher Conc. 3067 2.24 81.0, 58.71 55.2,4
Rougher Tail. 96.33 0.06 2.5 41.29 44.76
Remarks •
A satisfactory f:rothwas obtained, and the sulphide
minerals were clearly observed in the froth. The recovery
of gold and silver was not satisfactory. Microscopic
examination of the tailings showed that the sulphide
minerals were removed and that the oxide minerals remained.
FLOTATION TEST NO. 2
Grind.
primary:
Final:
minus 20 mesh
20 minutes, rod mill
Water.
Grind: Tap
Flota tion: Tap
Per cent Solids.
Rod mill:
Flotation cell:
Reagents.
50 per cent
23 per cent
Rod mill: soda Ash 1.00 lb. per ton
pentasol Amyl xanthate 0.25 lb. per ton
Flotation cell: pentaaol Amyl Xanthate 0.25 lb. per ton",cresylic Acid 0.10 lb. per ton
PH.-
Initial: 8.9
Final: 8.45
Results.
Assay
Au Ag- -
Distribution ~
Au Ag
Rougher Cone.
Rougher Tail.
2.'73
9'7.2'7
3.53
0.06
58.16
41.84
Remarks.
The results obtained by use
xanthate showed improvement over
or amyl xanthate in Test No.1.
rnaintained CO)
of the pentasol amyl
the results obtained by use
The same conditions were
... 47 fI'!
FLOTATION TEST NO.3
Grind.
primary: minus 20 mesh
Final: 20 minutes, rod mill'
Watel"'.
Grind: Tap
Flots tion: Tap
Pel"'cent Solids.
Rod mill: , 50 per eent
Flotation cell: 23 per cent
Reagents.
Rod Mill: soda Ash 1.0 lb. per ton
CUS04 1.5 lb. per ton
Flotation cell: Amyl Xantha te 0.5 lb. per toncresylic Acid 0.1 lbo per ton
.E!!.
Initial: 7.85
Final: 8.00
Resul ts 0
% wt.
Assay
Au Ag- -
Distribution $,
~ Is
Rougher 'Cone. 2.75
Roughez- Tail. 97.2'5
3.24 109.3
0.06, 2.5
60.41
39.59
55.2.S
44.72
Remarks.
- The results of this test were only slightly better
than Test No.1. Therefore, the CUS04 had no great effect
on the mineral surfaces.
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FLOTATION TEST NO.4
Grind.
primary: minus 20 me'ah
Final: 20 minutes, rod mill
water.
Grind: Tap
Flotation: Tap
Per cent solids.
Rod mill:
Flotation cell:
50 per cent
23 per cent
Reagents.
Rod mill: Soda AshReagent 208
Reagent 301
Reagent 208
Reagent 301
Pine Oil
Flotation cell:
Initial: 8.85
Final: 8.70,
Results 0
1.00 lb. per ton
0.2 lb. per ton
0.2 lb. per ton
002 lb. per ton
0.2 lb. per ton
0.1 lb. per ton
Assay
Au Ag- -
Distribution $Au Ag% wto
Rougher Cone. ~.95
Rougher Tail. 97005
3.54
0.06
Remarks.
64.53
35.47
56094
43.06
The results obtained by use of these reagents showed
a slight improvement over those obtained in the previous
tests.
- 4J.9 ""
FLOTATION TEST NO.5
G:rind.
P:rima:ry:
Final:
Watel".
minus 20 mesh
30 minutes, l"odmill
Grind: Tap
Flotation: Tap
Pel"cent Solids.
Rod mill:
Flotation cell:
Reagents.
50 per cent
23 per cent
Rod mill- Pentasol Amyl xanthate 0.2-5 lb. per ton• soda Ash 1.00 lb. per ton
Flotation cell: Pentaso1 Amyl Xanthate 0.25 lb. per tonpine Oil 0.10 lb. per ton
Barrett No.4 0.10 lb. per ton
PH.-
Initial· 7.3
Final: • 7.8
Assay
Au !&.
Distribution %
AU Ag
Rougher Cone. 4.8
ROugher Tail. 95.2:'
Remarks •
2.18
0.45
68.85
3l~15
6][.05
38095
.The grinding time in the rod mill was increased to
30 minutes for more complete liberation of the metallic
m1nel"als from the non-metallic gangue. This additional
g:r1nding improved the recovery of both the gold and silver
y 4.32 and 4.01 per cent, respectively.
Bal"rett No.4 was added, and a stiffer froth was
obtained.
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FLOTATION TEST Noo 6
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
watero
Grind: Tap
Flotation: Tap
Per cent solidso
Rod mill:
Flotation cell:
50 per cent
23 per cent
Reagents.
Rod mill: pentasol Amyl Xanthate 0.25 lb. per ton
Flotation cell: Pentasol Amyl Xanthate 0045 lb•.per ton
pine Oil 0010 lb. per ton
Barrett NOo 4 0.10 lb. per ton
Initial: 6.8
Final: 7.3.
Resultso
Assay
Au as Distribution %AE; !a
Rougher Cone. 4011
Rougher Tailo 95.89
::::082
0.45
72085
27.15
59097
40003
Remarks.
An additional amount of pentasol amyl xanthate was
used, and the recovery of gold was improved. However, the
recovery of silver dropped off slightly.
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FLOTATION TEST NO. ~
Gt>ind.
primary:
Final:
minus 20 mesh
30 m1nutes, rod mill
water.
Grind: Tap
Flotation: Tap
Per cent Solids.
Rod mill:
Flotation cell:
Reagents.
50 per cent
23 per cent
Rod mill: Reagent 208 0.2 lbo per tonReagent 301 0.2 lb. per ton
Flotat1on cell: Reagent 208 004 lb. per tonReagent 301 0.4 lb. per ton
pine 011 0'..1 lb. per ton
Barrett NO. 4 0.1 lb. per ton
PRe-
Initial: 705
Final: 8.1
Results 0 Distribution t$
Au is
Rougher Conco 4.24
Rougher Ta11. 95076
Remarks •.
2.18
0.045
68019
31081
62.63
37.37
The increase in the amount of reagent used and the
additional grinding improved the recovery of gold 3.66 per
cent and the recovery of silver 5069 percent over test
NO.4.
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FLOTATION TEST NO.8
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Tap
Flota tion: Tap
Per cent Solids.
Rod mill:
Flotation cell:
50 per cent
23 per cent
Reagents.
Rod mill: Reagent 2G8 0.2 lb. per tonReagent 301 042 lb. per ton
Reagent 208 0.4 re , per tonReagent 301 0.4 lb. per tonAerofloa t 15 0.1 lb. per ton
Flota tion cell:
.£ti.
Initial: 7.5
Final: 6.4
Results.
% wt.
Rougher Cone. 3.77
Rougher Tail. 96023
Assay
Au ~
Distribution %
Au AS.
2.18
00045
7609
203 65.5034.50
56.71
43.29
Remarks.
This test was a duplicate of Test No.7 with the ex-
ception that Aerofloat 15 was used as the frother agent.
The results were lower than the previous test, and the
froth did not appear to be as substantial as those obtainedwhen cresylic acid or pine oil was used.
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FLOTATION TEST NO. 9
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
Per cent Solids.
Rod mill:
Flotation cell:
50 per cent
23 per cent
Reagents.
Rod mill: None
Flotation cell: Butyl Xantha te
cresylic Acid
Barrett No.4
0.25 lb. per ton
0.10 lb. per ton
0.05 lb. per ton
PH.
Initial: 6.8
Final: '703
Results.
Assay
Au !S.
Distribution %
~ !S.
Rougher Conc. 9.24
Rougher Tail. 90.'76
1.12
0.05
3'7.1 69.55
2.4 30045
61.14
38086
Remarks.
This test was performed to determine the effectiveness
of butyl xanthate as a collector of the valuable minerals.
The tailings were examined with a binocular microseope,'and
the oxide minerals, hematite and limonite, were still
presento All the sulphide miner~ls had been removed.
This reagent pr-ovedno more satisfactory than th(!)sem-
ployed in previous tests •
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Grind.
FLOTATION TEST NO. 10
Primary: minus 2.0mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
per cent Solidso
Rod Mill:
Flotation cell:
Reagents.
Rod Mill:
Flotation cell:
pH.
Initial: 6095
Final: 7.4
Results 0
50 per cent
23 per cent
None
Isopropw1 Xanthate
cresylic Acid
Barrett No.4
% wto
Assay
~ AS
Rougher Conco 8060
Rougher Tail. 91.40
1.07
0005
3501
2.6
Remarks 0
0.25 lb. per ton
0.10 lb. per ton
0.05 lb. per ton
Distribution ~'
~ As.
66.81
33.19
55.95
44.05
Isopropyl xanthate was employed for this test as a
collector of the valuable minerals. However, the results
were lower than obtained in the previous test.
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FLOTATION TEST NO. 11.
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
per cent Solids.
Rod mill:
Flotation cell:
50 per cent
23 per cent
Reagents.
Rod mill:
Flota tion cell:
None
sodium Sulphide
potassium Hexyl Xanthate
cresylic Acid
Barrett No.4
0;50 lb. per ton
0.25 lb. per ton
0;10 lb. per ton
0005 lb. per ton
pH.
Initial: 7005
Final: 7.4
Resultso
% wt.
Assay
Au AS
Distribution ?t'
Au AS.
Rougher Conco 15.09
Rougher Tail. 84.91
0072
0005
2303
2.5
71.92'
28.08
62.35
37.65
Remarks.
The results obtained by use of potassium'hexyl xanthate
in this test showed improvement over the two previous tests.
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Grind~
FLOTATION TEST NO~ 12
primary:. minus 2:0mesh
Final: 30 minutes, rod mill
water ..
Grind: Distilled
Flotation: Distilled
% wt.
Rougher Conc. 13.82
Rougher Tail. 86.18
per cent solids.
Rod mill:
Flotation cell:
Reagents.
Rod mill:
Flotation cell:
pH.
Initial: 6.2:
Final: 6.5
Results.
Remarks.
50 per cent
23 per cent
Reagent 801
Reagent 80~
0.25 lb. per ton
0.25 lb. per ton
Assay
Au A.s.
Distribution %
Au A£.
-.
0.68
0.07
55.55
44.45
60.89
39.11
Reagent 801 was employea in this test to remove the
limonite and hematite. The tailings were examined with
the microscope, and it was noted that some of the sulphide
and oxide minerals were still present.
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FLOTATION TEST NOo 13
Grind.
primary: minus 2:0mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
per cent Solidso
Rod mill:
Flota tion cell:
50 per cent
23 per cent
Reagents 0
Rod mill:
Flotation cell:
None
Reagent 801*
Reagent 2:08and 301** 0.50 lb. per ton0025 lb. per ton
pH.
Initial: 4.6
Final: 5.2
Resul ts.
% wt.
Rougher Conc. 17.06
Rougher Tail. 82.94
Assay
~ ~
Distribution %Xu Ag- -
0.68
0005
73.70
26.30
69044
30.56
Remarks 0
This test was a duplicate of Test No. 12 with the ex-
ception that Reagents 2n8 and 301 were added and a second
froth was removed.· It was hoped that Reagent 801 would
remove all of the oxide minerals and that Reagents 208 and
301 would remove the sulphide minerals. The results of
this test were more satisfactory than the previous test, but
the desired results were not attained.
~After the addition of Reagent 8Ul, the froth was removed
and reagents 208 and 301 were added.
**The pulp was again conditioned after the addition of re-
agents 2.08 and 301, and a second froth was obta ined.
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FLOTATION TEST NOo 14
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
Per cent solids.
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents.
Rod mill:
Flota tion cell:
None
CUS04 1.0 lb. per tonpentasol Amyl Xanthate 0025 lb. per ton
cresylic Acid 0.10 lb. per ton
Barrett No.4 0.05 lb. per ton
PH.
Initial: 7.0
Final: 7.5
Results.
% wt.
Rougher Conc. 6006
Rougher Tail. 94.•94
Distribution t
Au As
1.76
0.05
59.4
2.8
69.18
30.82
44.39
55.61
Remarks.
This test was performed to determine the effectiveness
of pentasol amyl xanthate at a PH of 7.U. copper sulphate
was added to activate the pyrite, but, due to the low re-
covery of silver, it is thought that the copper sulphate
acted as a depressor for the siNer-bearing minerals.
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FLOTATION TEST NO. 15
Grindo
Primary:
Final:
minus 20 mesh
30 minutes, rod mill
water.
Grind:
Flotation:
Distilled
Distilled
Per cent Solids.
Rod mill:
Flota tion cell:
50 per cent
23 per cent
Reagents.
Rod mill:
Flotation cell:
None
CUS04 1.0 lb 0 per tonpentasol Amyl Xanthate 0.25 lb. per ton
cresylic Acid 0.10 lb. per ton
Barrett No.4 O.Ob lb. per ton
PH.
Initial: 6.1
Final: .6.6
Results.
~. Assa::zAu Ag Dis tribution %'Au Ag
Rougher conc. 5.34
Rougher Tail. 94066
1.53
0.09
4301
3.5
48.95
5:1.05
Remarks 0
An initial pH of 6.1 was obtained by adding sulphuric
acid to the flotation pulp~ T·8 ~&coveries of gold and
silver were lower tha~ in the previ0us test, and again it
as thought that the copper sulphate acted as a depressor •
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FLOTATION TEST NOo 16
Grind.
Primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind:
Flotation:
Distilled
Distilled
Per cent Solids.
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents.
Rod mill: None
Flotation cell: pentasol Amyl Xanthate 0.25 lb. per ton
cresylic Acid 0.10 lb. per ton
Barrett No. 4 0.05 lb. per ton
PH.
Initia1: 4.8
Final: 5.5
Results.
%'wt.
Rougher Conc. 6064
Rougher Tail~ 93036
Assay
Au Ag Distribution'Au Ag
1.60
0.05
52.6
2.5
69.46
30.54
59.94
40..06
Remarlm.
This test was performed at a PH of 4.8·without copper
sulphate as an activating agent. The recoveries of gold
and silver were much h1gher than in Teats 14 and 15.
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FLOTA TION TEST NO.' 17
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
per cent solids 0
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents I»
Rod mill: None
Flotation cell: pentasol Amyl Xanthate 0.25 lb. per ton
cresylic Acid 0.10 lb. per ton
Barrett No.4 0.05 lb. per ton
Initial: 6.9
Final: 7.8
Results.
%' wt.
Rougher Conc~ 6.79
Rougher Tail. 93.21
Assay
Au Ag
Distribution %
Au Ag
1050
0.04
49.7
2'.4
73'020
2'6.80
60.14
39086
Remarks.
This test was a duplicate of Test No. Y to determine
if more satisfactory results could be obtained without the
addition of copper sulphate. An increase of 4.02 per cent
of the gold and 15.75 per cent of the silv~r was recovered.
An initial pH of 7.0 appears to be most favorable for
optimum results.
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FLOTATION TEST NO. 18
Grind 0
Primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
Per cent Solids 0
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents.
Rod mill:
Flotation ce11:
None
Sodium Sulphide
pentasol Amyl xanthate
cresylic Acid
Barrett No.4
005 lb. per ton
0.2.5lb. per ton
0.10 lb. per ton
0.05 lb. per ton
PH.
Initial: 6.95
Final: 7.9
Resul ts.
%' Wt.
Rougher conc , 11'054
Rougher Tail. 88.46
Assay
Au Ali
Distribution %
A.!! As.
1.02
0.,04 3008.2.3 76.923.1
63.6
36.4
Remarks.
Sodium sulphide was added to the flotation pulp to
activate the minerals. This test produced the optimum re-sults obtained by flotation.
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FLOTA TION TEST NO. 19
•
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
Water.
Grind:
Flotation:
Distilled
Distilled
Per cent Solids.
Rod mill:
Flotation cell:
50 pel;>cent
23 per cent
Reagents 0
Rod mill: None
Reagent 2.08 0.25 lb. per tonReagent 301 0025 lbo Fer toncresylic Acid 0.1 lb. per tonBarrett No.4 0.05 lb. per ton
Flotation cell:
..ml.
Initial: 7.0
Final: 7.5
Results.
Assay
Au ~
Distr1bution %
Au Ag
Rougher cone 0
Rougher Tailo
9.87
90.13
0094
0.045
35.1
2.4 61.638.4
Remarks 0
Tests 19, 20 and 21 were performed to determ1ne the
condition range for Reagents 208 and 301. An initial PHof 7.0 was used for this test•
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FLOTATION TEST NO. 20
Grind.
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
Per cent Solids.
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents 0
Rod mill: None
Reagent 208 0.25 lb. per ton
Reagent 301 0.25 lb. per ton
Cresylic Acid 0.1 lb. per ton
Barrett No.4 0.05 lb. per ton
Flotation cell:
PH.
Initial: 6.05
Final: 6.8
Results.
% wt.
Rougher Conc. 10.46
Rougher Tail. 89.54
Assa_I
Au Ag
Distribution %'
Au Ag
10004
0.045
73.0
27.0
Remarks.
An initial pH of 6.05 was used for this test, and
slightly higher recoveries of the gold and silver wereobta Ined ,
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FLOTATION TEST NO. 2:1
Grindo
primary: minus 20 mesh
Final: 30 minutes, rod mill
water.
Grind: Distilled
Flotation: Distilled
per cent Solids.
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents.
Rod mill:
Flota tion ce11:
None
Reagent 208 0.25 lb. per ton
Reagent 301 0.25 lb. per ton
cresylic Acid 0.1 lb. per ton
Barrett No.4 0.05 lb. per ton
pH.
Initia1: 5.1
Final: 6.3
Results.
% Wt·
Rougher Conc. 9.83
Rougher Tail. 90.17
Assay
Au Ag
1.04 34.7
0.045 .'2.4
Distribution 9{
Au Ag
71.6
2.8.4
6102
38.8
Remarks 0
This pH range of 5.1 produced results between those
obtained at a pH of 7.0 and 6.05. The 6.05 range appears
to be the most satis.factory.
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FLOTATION TEST NO. 22'
Grind.
primary: minus 20 mesh
~inal: 30 minutes, rod mill
Wa ter.
Grind: Distilled
Flotation: Distilled
per cent Solidso
Rod mill: 50 per cent
Flotation cell: 23 per cent
Reagents.
Rod mill: None
sodium Sulphide .O.s. lb• per ton
Reagent 208 0.25 lb. per ton
Reagent 301 0.25 lb. per ton
cresylic Acid 0.•1 10. per ton
Barrett No.4 0.05 lb. per ton
Flota tion cell:
Initial: 7.0
Final: 7.6
Results.
% wt.
Assay
A.!! A8
Distribution %'
A.!! A.g
Rougher Conc.
Rougher Tail.
.
13.40
86.60
0070
0.045
70.7
29.3
Remarks •
This final test was performed to determine the effective-
ness of sodium sulphide as an activating agent with Reagents
208 and 3Dl. The conditions were the same as for Test 19,
and the results were only slightly higher. Therefore, it
is concluded that the addition of sodium sulphide is notmerited with these reagents.
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